The results of a statewide inventory of California's hardwood resources are presented. This is the first comprehensive inventory with tree and stand measurements ever conducted in the extensive oak woodlands. In timberland areas where hardwoods had been previously inventoried, improved procedures and volume equations developed specifically for the major California hardwood species were used in the new inventory. Included are details on area and volume of hardwoods by ownership; growth and mortality of hardwoods on timberland; hardwood tree cutting on timberland and woodland; the extent of types and species occurrence; stand characteristics; regeneration; extent of grazing in woodland areas; and changes in hardwood area from 1945 to 1985.
About 7.4 million acres (77 percent) of hardwood types are classified as woodland. These areas are not capable of growing commercial quantities of industrial wood. They are capable of growing firewood, fenceposts, and small quantities of industrial wood. The majority of the woodland types is grazed by livestock. The major species on woodland are coast live oak, interior live oak, blue oak, valley oak, and Oregon white oak. Canyon live oak, common on timberland, also is found on several hundred thousand acres of woodland.
Seventy-two percent of the hardwood area is in private ownership; 16 percent is in National Forests; and 12 percent is managed by other governmental organizations including the State, counties, Bureau of Land Management (U.S. Department of the Interior), and U.S. Department of Defense. About 577,000 acres of hardwood types are in parks and wilderness.
Total estimated volume of hardwood growing stock in the State is 12.5 billion cubic feet. This includes the sound volume in straight bole sections of trees above a 1-foot stump and to the point where the bole is 4 inches in diameter in trees 5.0 inches and larger. The total estimated volume in trees 5.0 inches and larger, including all bole sections, stumps, limbs, branches, and tips, is 18.4 billion cubic feet. The estimated volume of hardwoods in saw logs suitable for lumber is 5.3 billion cubic feet, about 25 billion board feet.
As with area, private landowners hold the largest portion of the total hardwood timber volume, 67 percent. National Forests contain 26 percent; lands managed by other public agencies, 7 percent.
California's hardwoods are extremely variable in tree quality, stand density, and stand composition. Species such as giant chinkapin, eucalyptus, and tanoak tend 'to be straight and single stemmed with small limbs and gradually tapering boles. At the other extreme are live oaks and Pacific madrone, which often are crooked and multistemmed with large limbs and rapidly tapering boles. Tanoak and madrone stands are typically dense, with many trees per acre. Large specimens are common. Blue oak stands are typically sparse; widespread clearing in blue oak for range improvement and recent cutting of fuelwood have lowered the average density even more. Large blue oak trees are not common.
Regeneration of hardwoods, indicated by seedlings and saplings on sample plats, varies by type. In general, timberland hardwoods are regenerating well. In woodland areas, oak seedlings and saplings were found in great abundance in canyon live oak stands, and in moderate amounts in interior live oak, California black oak, and Oregon white oak stands. Regeneration was relatively sparse in coast live oak and blue oak stands and almost nonexistent in valley oak stands. Some valley oak seedlings and saplings were found in stands of other species.
Since 1945, the total area of hardwood types on timberland is estimated to have increased by about 760,000 acres. Tanoak and madrone are the major types that increased. Over the same period, hardwood woodland area is estimated to have decreased by about 1.2 million acres. Blue oak and valley oak are the major types that have decreased.
The primary cause of the increase in hardwoods on timberland was logging. Conifers were removed, and hardwoods were usually left; in some cases, they rapidly resprouted or seeded in after logging.
Several factors resulted in the decrease in hardwood woodland areas. Between 1945 and the early 1970's, rangeland improvement was the primary cause of woodland conversion. Since the early 1970's, clearings have decreased; urban and suburban expansion has become the main cause of conversion, followed by road construction. The recent increase in fuelwood cutting has reduced the number of trees, but has had little impact per se on the area of woodland. Most permanent clearings apparently are for other purposes, though the wood removed is often used for fuel.
Residential and recreational developments in-process were found on 279,000 acres of woodland. The time frame for these potential conversions was not determined. These developments were in coast live oak, valley oak, blue oak, and eucalyptus stands.
In timberland areas, in hardwood stands as well as in conifer stands, hardwood volume has increased substantially since the early 1950's, a direct result of logging practices and land management activities. Hardwood growth rates have been higher than those for conifers, and mortality rates lower. Hardwood timber cutting has been but a fraction of growth and total inventory volume. Following is a discussion of these issues, as they relate to the first statewide inventory of hardwoods in California presented here.
Fuelwood Cutting
The increasing cost of energy from fossil fuels and hydroelectricity has caused a tremendous increase in the use of wood for home heating. 
Residential-Commercial
In many parts of the State, residential and recreational developments have usurped Development of Oak hardwood forest and woodland. The actual area occupied by buildings in most Woodland developments is not great; however, their dispersion across the landscape and their concomitant networks of roads, pipelines, and transmission lines have destroyed the wild-land character over extensive areas. A major concern relates to these "suburban forests," the remaining enclaves of wild land within developed areas, and the forests adjacent to and beyond development boundaries: What is their resource potential? How should they be taxed? Should they be regulated, and if so, how?
Hardwood Regeneration
In large areas of the oak woodland in the foothills, young oak trees are few. Concern is growing that once the old trees die or are cut, certain species of oaks will disappear. Considerable research has been done, but no universal solutions have been found. Until now, no information on oak regeneration statewide has been available Wildlife Habitat
The importance of hardwoods to wildlife has been well documented, but only in recent years have wildlife habitat concerns made much difference in land-use plans, forest regulations, or resource allocation. In statewide planning for wildlife, information on hardwoods has been generally lacking. Needed are data on extent of hardwood species, stand characteristics, occurrence of large trees, and stair dynamics, in timber areas as well as in woodlands.
Underutilized Hardwoods
The presence of large quantities of hardwoods in local areas of marginal economic health has prompted many hardwood development efforts over the past several decades. Most of these projects have failed; why is not clear. One contributing factor is thought to be that California hardwoods simply cannot compete with hardwoods of the Eastern United States. California hardwoods are generally believed to be smaller and inferior in quality to eastern hardwoods. Whether or not this has ever been true is not as important as the fact that people believe it. But this may be changing. The growing scarcity of quality hardwoods in the East has caused people to take a closer look at the resource situation, and to look for alternate sources, including the Pacific coast. At the same time, foreign interests have also begun to notice California's hardwoods.
Hardwoods as "Weeds"
In much of the coastal redwood and Douglas-fir zone, and in part of the mixed conifer zone of the interior, there has been little interest in managing timberland for hardwood production. Conifer timber grown in the area is much more valuable. In fact, the hardwoods, especially the lower grade trees, often cannot be sold. Tanoak, Pacific madrone, California-laurel, red alder, bigleaf maple, and occasionally other species often dominate sites within a few years after removal of conifer trees by logging. On these sites, without some kind of "hardwood control," the land's potential to grow large quantities of valuable conifer timber is lost for decades. In the mixed-conifer type of the interior, California black oak and other hardwood species rarely dominate the site, but they often reduce timber yields by simply occupying space where the more productive conifers could grow. Although listed as separate concerns, the growing pressure from various interest groups has fused several concerns into some common issues. Economic imperatives facing both public and private timberland and rangeland managers necessitate efficient use of land.
On many sites, hardwoods are inimical to landowners' goals, at least within the shortterm planning horizon forced on most managers. A dilemma faces policymakers. Scientific evidence seems to indicate that some kind of hardwood stocking control will usually abet conifer production or beef production, but not without some tradeoffs. In many cases, the immediate effect on wildlife will be negative; the midterm effect on soil pH, fertility, and stability will be negative; and the long-term effect on biological diversity will be negative; in some areas and to some people, the effect on esthetics will be negative.
The Hardwood
The many "issues" related to hardwoods have created the need for information on Inventory which to base policy decisions. 
Hardwood Area
The total estimated area of hardwood forest types in California is 9.6 million acres, about 25 percent of the total area classified as forest (table 1) 
Most of the Hardwoods
About 6.9 million acres, or 72 percent of the hardwood types, are on privately owned on Private Lands land, a decided contrast with the ownership of other forest types, of which 19.6 million acres or 67 percent are on public lands ( fig. 4 and table 1 ). National Forests contain 44 percent of all forest land in the State (including timberland types, hardwood woodland, pinyon-juniper, cypress, and chaparral), but only 16 percent of the hardwood types. Other public lands contain 13 percent of the forest land and 12 percent of the hardwood types.
Hardwood types in reserved areas amount to 534,000 acres: 286,000 acres in National Forests (mostly Wilderness Areas), and 248,000 acres in other public ownerships (national, State, county, and regional parks).
Hardwoods in Conifer
In addition to the hardwood forest types where one or more species of hardwood Types predominate, individual hardwood trees, or clumps, groves, or stringers occur in conifer types in many parts of the State. In the forest inventory outside National Forests and Parks, hardwood trees were found on 4,475,000 acres or about 60 percent of the conifer types. Included were 3,915,000 acres of timber conifers-such as Douglas-fir, redwood, mixed conifer, and ponderosa pine-on manageable sites; 383,000 acres of timber conifers on steep and rocky sites classified as unmanageable for timber production; and 177,000 acres of woodland types including pinyon, juniper, cypress, and Digger pine.
Information is not available on the occurrence of hardwood trees in conifer types in National Forests and Parks. Because large areas of the National Forests are at higher elevations where hardwoods are less common, a smaller proportion of the conifer types would be expected to contain hardwoods. Still, hardwoods occur on most of the 1.4 million acres of Douglas-fir type on National Forests, on much of the 5.1 million acres of mixed conifer type, and on a small amount of the 2.2 million acres of ponderosa pine and Jeffrey pine types. Also, some hardwoods occur in the 2.3 million acres of minor conifer types in National Forests, including knobcone pine, lodgepole pine, Coulter pine, western white pine, bigcone Douglas-fir, pinyon, and juniper. About 1.2 million acres of conifer forest types, many of which contain hardwoods, are in national, State, county, and regional parks. In Redwood National Park and the many State parks in the coastal counties from Monterey to Del Norte, tanoak, live oaks, alder, maple, and laurel are common in the conifer forests. In Yosemite National Park, California black oak is conspicuous in the mixed conifer forest of the valley; white alder trees border the streams; and canyon live oak forms an understory in the hillside conifer stands.
Hardwood trees are thought to occur as scattered individuals, small clumps, or stringers on at least 30 percent or 3.7 million of the 12.2 million acres of conifer types in National Forests and Parks.
Hardwoods in Savannas
The information presented thus far relates to hardwoods on forest land. By definition; and Chaparral forest land has trees, the canopies of which cover at least 10 percent of the ground, or had such cover before disturbance and has not been developed for nonforest use. In California, hardwoods often occur as scattered trees and groves in rangeland and as a scattered overstory in chaparral (Paysen 1980). The oaks in the grasslands of the foothills contribute to the distinctive character of California's scenery (Litton 1980). From a wildlife habitat standpoint, nonforest areas with scattered trees-even very widely spaced trees-are vastly different from treeless areas. Some speakers at the symposium on California oaks (Plumb 1980) addressed the subject of oaks in areas that are not classified as forest land by the Forest Service. Several speakers cited the need for better information on oaks in nonforest and chaparral areas.
The area of scattered hardwoods in the extensive grassland and chaparral areas of California was determined by an aerial photo sample. About 85,000 aerial photo plots were examined outside National Forests (parks were included). Plots were circular, covering 5 acres. Tree cover was classified as follows:
1-4 trees per 5 acres (less than 1 tree per acre) 5-24 trees per 5 acres (1-5 trees per acre) 26 trees per 5 acres-9 percent cover (more than 5 trees per acre)
Plots with 10 percent or more cover were classified as forest and are included in the forest statistics.
Individual species could not be consistently identified on aerial photographs within the time available to do the study, but hardwoods could be identified as a group; Digger pine; pinyon, juniper, and cypress as a group; and all other conifers. The group classification, along with geographic information, is a help in identifying species. Outside National Forests, hardwoods in densities of at least one tree per 5 acres were found on about 1. Chaparral types cover about 2.6 million acres of National Forest land'. No information is available on the occurrence of hardwood trees in these types. If hardwood occurrence is similar to that outside National Forests-24 percent has at least one tree per 5 acres-then about 0.6 million acres of National Forest chaparral are likely to have scattered hardwood trees.
The total area in California in which hardwoods occur, based on different methods of estimation and approximation, is about 21 million acres:
Timberland Hardwoods
Forests in California, as in much of the Pacific coast. are often on rugged terrain
Concentrated on Steep
where logging is costly and sometimes hazardous, and the risks of damaging soil Slopes productivity and water quality are high. About 30 percent of California's timberland outside National Forests is in areas that have special management problems such as steep (more than 45 percent), unstable slopes and stockability problems (Bolsinger 1980). The steep, unstable forested areas are concentrated in the Klamath Mountains and Coast Ranges from the Oregon border to Monterey County, where 5 billion cubic feet or two-thirds of the timberland hardwoods grow. Conifers and some hardwoods have been logged successfully in these mountains for more than a century, although not without affecting soil and water quality in some areas. In many areas, the hardwoods have been left to grow after logging, and no doubt they have helped protect the sites. If the market permits an appreciable increase in hardwood utilization, effects on soil and water, as well as on wildlife and other values, may be deleterious.
Woodland Areas Mostly
Vast areas of the oak woodland are in flat to gently sloping terrain, contrasting with Flat to Gently Sloping the steep, broken country where much of the timberland hardwoods grow. Interior live oak and blue oak types are usually found on slopes of 35 percent or less canyon live oak and coast live oak types, on steeper ground:
Hardwood Volume
The total estimated volume in hardwood growing-stock trees on timberland and woodland outside parks and wilderness in California is 12.5 billion cubic feet. As with 
Feet Hardwood Volume
Although hardwood types are more extensive on woodland areas than on
Greater on Timberland
timberland, the volume of hardwoods is greater on timberland-7.7 billion cubic feet Than on Woodland on timberland and 4.8 billion on woodland ( fig. 7) . On the average, timberland sites are much more productive than woodland sites; they support denser stands of taller trees. Hardwoods are also found in several million acres of conifer types on timberland, as well as in hardwood types.
Collectively, Oaks
Oaks (all species of Ouercus) predominate on both timberland and woodland, but Although more than 30 hardwood tree species grow in the State, 80 percent of the volume is in six species: California black oak, canyon live oak, tanoak, Pacific madrone, blue oak, and coast live oak:
California black oak is the most abundant oak on timberland, accounting for 29 percent of the hardwood volume; tanoak, the most abundant nonoak, 25 percent. On woodland, blue oak is the predominant tree species, accounting for 23 percent of total volume, but six other oak species (coast live oak, canyon live oak, interior live oak, California black oak, Oregon white oak, and valley oak) collectively constitute 58 percent. Pacific madrone is the most common nonoak species on woodland, with 8 percent of the hardwood volume; eucalyptus amounts to 4.5 percent; of the remaining 6.5 percent, 3 percent is California-laurel, and 3.5 percent is made up of several species including alders, aspen, California buckeye, cottonwoods, maple, and willows (see table 14 in the appendix).
High Wood Density in
On California's timberland, 95 percent of the hardwood growing stock volume is in On woodland, although the species mix is different, the percentage of high-density species is about the same-96 percent. The predominant woodland species have generally higher specific gravities than the species that are most abundant on timberland. For example, the white oaks, blue oak, and live oaks-the major woodland species-have specific gravities ranging from about 0.65 to 0.75. California black oak, tanoak, and Pacific madrone-three of the major timberland hardwood species have specific gravities of about 0.51 to 0.60.
The high density of California's hardwoods is notable in comparison with hardwoods in other regions. In all Eastern States, hardwoods with specific gravity of 0.51 or more amount to 68 percent of the total. In the Western States other than California, only 17 percent of the hardwoods have wood with specific gravity of 0.51 or more. For several of the traditional uses of hardwoods (fuel, furniture, tool handles, flooring, and cutting boards, for example), species with high wood density have been preferred, although, as discussed below, other factors can determine the usefulness of a particular species.
California's Hardwoods
Several eastern hardwoods with high specific gravity are valued for products, but facLargest in the United tors other than wood density are critical in their usefulness. Wood workability, States freedom from defect, and size of material are of prime importance. These characteristics are often related to age and size of trees. The eastern "select" oaks used in furniture and many other products are distinguished from nonselect oaks mainly by their larger size and better form.
Although the volume of hardwoods on California timberland amounts to only 3 percent of the total hardwood volume on timberland in the United States (table 3) Projections of hardwood supply in the United States (USDA Forest Service 1982) indicate that demands in the next three decades for most hardwood products can be met. The outlook would change if demand for fuelwood increases above expected levels. The projections show a different outlook for the larger sized hardwoods of preferred species, such as "select" oaks, walnut, and black cherry. Removals of these valuable hardwoods in the Eastern United States have exceeded recent renewal rates. California's large hardwoods are not the same species as those that support the hardwood industry in the Eastern United States, but some-California black oak, for example-are suitable for the same products (Hall and Allen 1980). As the supply of quality hardwoods is depleted in the East, hardwoods in California may attract more attention.
Hardwood Stands
In the West, more than in the East where terrain is usually gentle, an important factor
Lower in Volume
in determining whether timber is economically available is the value of the timber per
Than Conifer Stands unit of land. Most California hardwoods are currently less valuable than conifers on a per-unit basis, and stands of hardwoods typically have less volume than conifers. The average per-acre volume for conifers statewide is about 3,000 cubic feet (about 16,500 board feet). The statewide average per-acre volume for hardwoods on timberland, including hardwood types as well as hardwoods in conifer stands, is less than 500 cubic feet. The board foot-cubic foot ratio for hardwoods is much lower than for conifers. On the average, 500 cubic feet of hardwoods represents no more than 1.200 board feet (500 cubic feet of conifers represents 2,500 to 3,000 board feet).
Hardwood Tree
A factor in the economic availability of wood is tree form. Conifers typically are tall
Form Class
and straight, single-stemmed with gradually tapering boles and small limbs and branches that grow out of the main bole at a right angle, or close to it. These characteristics are ideal for falling, trimming, bucking, yarding, loading, and hauling to processing facilities; they are also ideal for most industrial processes. Hardwoods vary more in form. The form of giant chinkapin resembles that of the conifers with which it grows; and tanoak, cottonwood, alder, aspen, and eucalyptus are often straight and relatively free of large limbs or forks. In contrast are Pacific madrone, which is usually crooked, and the oaks that vary too much for generalizations. In a given stand of live oak, for example, can be found straight single-stemmed trees, straight but forked trees, and multistemmed, crooked trees. California black oak a[-cl valley oak usually have straight lower boles, but the height at which they start to fork and the straightness of the forks vary.
For every hardwood tree tallied on forest inventory plots outside National Forests, a hardwood tree form class was assigned ( fig. 9 ). The tree form classes are:
Class 1 Entire bole including the first 8-foot log above the stump is straight ( fig. 10 ). Tree has small limbs, and less than 20 percent of volume is 'lost because of roughness, forking, branching, rapid taper, or breakage.
Class 2
The first 8-foot log above the stump is straight; large limbs (more than t;4bole diameter), roughness, crooks, or forks are present, but they affect less than 20 percent of the volume. Included are straight-forking trees with little volume loss. Breakage loss is less than 20 percent.
Class 3
The first 8-foot log above the stump is straight, but large limbs, roughness, crooks, or forks affect at least 20 percent of the volume. Breakage loss is less than 20 percent.
Class 4
The first 8-foot log above the stump is not straight, but the tree must have one or more straight 8-foot logs elsewhere.
Class 5
The tree has no 8-foot logs because of form.
Class 6 Top out-20 percent or more of tree volume is lost because of broken bole.
Hardwood tree form classes 1 through 4 and 6 are growing-stock trees. Class 5 trees are "sound cull" trees-that is, they do not make a minimum log-and are not included in the estimates of growing-stock volume (tables 14-31 in the appendix).
Tree form classes 1 and 2 represent hardwood trees that could be harvested as efficiently and safely as conifer trees, other factors being equal. On timberland, class 1 trees accounted for about 24 percent of hardwood volume and class 2 trees for 29 percent (table 32) . The total of classes 1 and 2 is 3.0 billion cubic feet, 53 percent. On woodland, class 1 trees accounted for only 8 percent of hardwood volume and class 2 for 19 percent (table 38) . The total in these classes is 1.2 billion cubic feet; 27 percent.
Tree form classes 3 and 4 represent hardwood trees with straight sections that could be used for industrial purposes, but the trees are rough or forked and therefore more costly to harvest. Some of these trees would be hazardous to log, especially on steep slopes and in stands where the tree crowns interlock. On timberland. class 3 trees accounted for 28 percent and class 4 trees for 10 percent of total hardwood volume. The total volume in these classes is 2.2 billion cubic feet. On woodland, class 3 trees accounted for 36 percent and class 4 trees for 23 percent of total hardwood volume. The total volume in these classes is 2.8 billion cubic feel.
Tree form class 5 represents trees that have no industrial wood volume. Their volume is excluded from the growing stock volume totals in tables 14-31 . They account for 7 percent of the total volume on timberland and 14 percent on woodland Although these trees contain wood suitable for fuel, they are time consuming and o fen dangerous to handle. Fuelwood cutters prefer straighter trees with few forks or large limbs.
Tree form class 6-the broken trees-represents a small part of the total resource These are trees that have lost at least 20 percent of their volume to broken boles and are not form class 5 trees. On timberland, they amount to about 1.6 percent and on woodland 0.6 percent. California black oak and tanoak have a slightly higher breakage rate than that of woodland hardwoods. California black oak has a spreading crown pattern that appears to make it more susceptible to breakage by logging. Much of the mixed conifer forest where black oak grows has been selectively logged one to several times. Some damage also has been caused by snow and wind. Tanoak breakage seems to be closely correlated to logging of the Douglas-firs and redwoods with which it grows, although in some localities snow and wind may also be factors.
Giant chinkapin, eucalyptus ( fig. 11) , alders, and tanoak are predominantly well formed, with 85 percent or more of their volume in tree form classes 1 and 2. Oaks in general are less well formed. Forty-six percent of the volume in California black oak, the best-formed oak, is in tree form classes 1 and 2; compared with 9 percent for coast live oak, the species with the poorest form ( fig. 12 ).
Total Hardwood Tree
Equations were developed (Pillsbury and Kirkley 1984) and tree measurements taken Volume More Than on sample plots outside National Forests and Parks for estimating hardwood tree 18 Billion Cubic Feet volume to three standards:
Total tree volume is a measure of total hardwood biomass less twigs and leaves. Growing-stock volume is a measure of the total amount of existing wood that could be suitable for fuel, or chips, waferboard, and other reconstituted products. It is not necessarily indicative of the total available volume, which depends on many other factors-tree form, stand characteristics, landform, market value, ownership, zoning restrictions, and harvesting technology. Sawtimber volume is a measure of the existing amount of wood suitable for milling into lumber.
Tne relation of total tree volume and sawtimber volume to growing-stock volume were assumed to be the same for National Forests. Following are the approximate volumes by category for the State (see table 26 for details by species):
Hardwood Volume by Growing-stock volume includes sawtimber volume, and total tree volume includes Tree Component both growing stock and sawtimber. By subtraction, the total hardwood resource can be categorized by component as shown in figure 13 .
The 5.3 billion cubic feet in saw logs (29 percent) represents the most usable portion of the hardwood resource. Saw logs are more economical to handle than the smaller material in the other two categories and are suitable for almost all hardwood products including lumber, veneer, chips, and fuel. Much firewood comes from saw logs. The volume of wood in poletimber trees and sawtimber tops, although the largest component of the hardwood resource (39 percent), is only marginally usable because of limited product potential and the high cost of working it into transportable and usably form. For the most part, the 32 percent in limbs, branches, stumps, and unusable sections is not available although a small amount is used for firewood, especially by cc-,i yourself firewood cutters.
The relations of sawtimber volume to total volume and to growing-stock volume vary by tree diameter, height, and form. For timberland, statewide, the total saw-log volume (in cubic feet) for all hardwood species is 0.49 times the growing-stock volume and 0.33 times the total tree volume. For woodland, where trees are smaller in diameter, shorter, and of poorer form, the factor is 0.34 for growing stock and 0 2^ for total tree volume.
Saw-Log Volume in
Generally speaking, trees with a higher saw-log volume in relation to total tree Oaks Relatively Lower volume are more valuable, other things being equal. They yield more high quality Than in Nonoaks wood, and they are more economical to handle. For the inventory as a whole, including all trees 5.0 inches in d.b.h. and larger, the three species with the highest saw-log volume-total volume ratios are eucalyptus, alder, and giant chinkapin. These three species also have the highest percentage of volume in form class 1 trees. The oaks, as a group or individually, have lower saw-log volume-total volume ratios than the major nonoak hardwoods-tanoak, madrone, laurel, and alder:
